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Nitrogen oxide storage material and nitrogen oxide 
storage catalyst produced therefrom 



Description 

The invention relates to a storage material for nitrogen oxides and a nitrogen oxide 
5 storage catalyst for reducing the concentration of nitrogen oxides in the exhaust gas of 
lean-burn engines which is produced therefrom. 

Nitrogen oxide storage catalysts of various compositions are known from the patent 
literature, for example from the European first publication EP 1 317 953 Al 
(corresponds to US 6,858,193 B2) of the applicant. 

10 The nitrogen oxide storage catalyst of EP 1 317 953 Al comprises an oxidation-active 
component, for example platinum, on a support material and nitrogen oxide storage 
components based on oxides, carbonates or hydroxides of elements selected from the 
group consisting of magnesium, calcium, strontium, barium, the alkali metals, the rare 
earth metals and mixtures thereof. According to EP 1 317 953 Al, a cerium-zirconium 

15 mixed oxide is used as support material for the nitrogen oxide storage components. The 
excellent properties of the nitrogen oxide storage catalyst in terms of the width of the 
temperature window, the storage efficiency and the ageing stability are based mainly on 
the support material comprising a homogeneous magnesium-aluminium mixed oxide 
having a magnesium oxide content of from 1 to 40% by weight, based on the total 

20 weight of the Mg-Al mixed oxide, which is used for the platinum. A further 
advantageous variant of the storage catalyst is obtained according to EP 1 317 953 A 1 
when the platinum-catalysed Mg-Al mixed oxide is additionally doped with cerium 
oxide or praseodymium oxide by impregnation. 

DE 198 13 655A1 (corresponds to US 6,338,831 Bl) of the applicant discloses a 
25 storage material for sulphur oxides which comprises a magnesium-aluminium mixed 
oxide (MgO • AI2O3), with the storage material having a molar ratio of magnesium 
oxide to aluminium oxide of more than 1.1:1 and the magnesium oxide, which is 
present in a stoichiometric excess, being homogeneously distributed in finely divided 
form in the storage material. 

30 The increasing demands made of pollutant conversion and the durability of the catalysts 
and also the economically motivated desire for a reduction in the noble metal content 
while maintaining the same catalyst performance make continual further development 
of the catalysts necessary. It was therefore an object of the present invention to provide, 
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on the basis of EP 1 317 953 Al, an improved nitrogen oxide storage material and a 
nitrogen oxide storage catalyst which is produced using this material and displays 
further-improved pollutant conversion and/or reduced use of noble metal. With regard 
to the technical background to the invention and the prior art, reference may be made to 
5 the patent application cited. 

Before going into a detailed description of the invention, some terms which are of 
importance to the invention will be defined in the following: 

For the purposes of the invention, a mixed oxide is an oxidic, solid powder material 
which consists of at least two components which form a mixture on an atomic level. 
10 This term excludes physical mixtures of oxidic powder materials. An important 
component of the catalyst of the invention is a homogeneous mixed oxide of 
magnesium oxide and aluminium oxide. This will be referred to as Mg-Al mixed oxide 
for the purposes of the present invention. Its composition is, within measurement 
accuracy, constant, i.e. homogeneous, over the cross section of a powder particle. 

15 A distinction is made in the following between a nitrogen oxide storage material and the 
nitrogen oxide storage components. Nitrogen oxide storage components are, for 
example, the oxides, carbonates or hydroxides of magnesium, calcium, strontium, 
barium, the alkali metals, the rare earth metals or mixtures thereof which, owing to their 
basic properties, are able to react with acidic nitrogen oxides of the exhaust gas to form 

20 nitrates and store them in this way. A nitrogen oxide storage material comprises the 
storage components which have been deposited in very finely divided form on suitable 
support materials to produce a large interaction area with the exhaust gas. 

Further important components of catalysts are oxygen-storing materials such as 
materials based on cerium oxide. Due to its ability to change its oxidation state from +3 
25 to +4 and vice versa, cerium oxide is able to store oxygen in lean-burn exhaust gas 
(excess of oxygen) and release oxygen again in rich-burn exhaust gas (deficiency of 
oxygen). 

It has now been found that the performance of the nitrogen oxide storage catalyst of 
EP 1 317 953 Al can be improved further when the homogeneous Mg-Al mixed oxide 
30 doped with cerium oxide and/or praseodymium oxide is used as support material not 
only for the oxidation-active component platinum but also for the nitrogen oxide storage 
components. 
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The invention therefore provides an improved nitrogen oxide storage material and a 
nitrogen oxide storage catalyst produced using this storage material. 

The nitrogen oxide storage material of the invention comprises at least one nitrogen 
oxide storage component on a homogeneous magnesium-aluminium mixed oxide 
5 (Mg-Al mixed oxide) doped with rare earth oxides as support material, with the 
magnesium-aluminium mixed oxide containing from 1 to 30% by weight of magnesium 
oxide, based on the total weight of the magnesium-aluminium mixed oxide. 

The homogeneous Mg-Al mixed oxide preferably contains from 5 to < 28% by weight, 
in particular from 10 to 25% by weight, of magnesium oxide, based on the total weight 
10 of the Mg-Al mixed oxide. The magnesium oxide of the storage material is therefore 
present entirely as homogeneous magnesium-aluminium mixed oxide, while free 
aluminium oxide is present in excess. 

Suitable rare earth oxides for the storage material of the invention include the oxides of 
rare earth metals selected from the group consisting of cerium, praseodymium, 
neodymium, lanthanum, samarium and mixtures thereof, in particular cerium oxide 
and/or praseodymium oxide and especially cerium oxide. The concentration of the rare 
earth oxides in the storage material is preferably from 5 to 1 5% by weight, based on the 
total weight of the support material. 

As nitrogen oxide storage components, preference is given to using oxides, carbonates 
or hydroxides of elements selected from the group consisting of magnesium, calcium, 
strontium, barium, the alkali metals and mixtures thereof. 

The nitrogen oxide storage catalyst of the invention comprises platinum as oxidation- 
active component and the storage material described, with a homogeneous Mg-Al 
mixed oxide doped with rare earth oxides likewise serving as support material for 
25 platinum. 

A second, advantageous embodiment of the invention is obtained when platinum is 
applied to the nitrogen oxide storage material itself and the catalyst additionally 
contains an oxygen-storing material based on cerium oxide. 

The magnesium oxide present in the Mg-Al mixed oxide is, owing to its basic 
30 properties, itself suitable as storage component for nitrogen oxides. However, the 
inventors' studies on the storage of nitrogen oxides by means of the homogeneous 
Mg-Al mixed oxide showed an unsatisfactory storage action. Only when the Mg-Al 
oxide was used as support material for other storage components, in particular 
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components based on barium oxide and/or strontium oxide, was a significant 
improvement in the still-to-be-defined NO x storage efficiency surprisingly observed. 

It has been found to be important for magnesium oxide and aluminium oxide to form a 
homogeneous mixed oxide in order to obtain a suitable support material. In such a 
5 mixed oxide made up of magnesium oxide and y-aluminium oxide, the magnesium ions 
occupy part of the lattice sites of aluminium ions. This mixed oxide has a good thermal 
stability. However, the thermal stability is only optimal when care is taken to ensure 
that the magnesium oxide is distributed very homogeneously over the entire particle of 
the mixed oxide. Introduction of the magnesium oxide only into the surface of the 
10 particle of an aluminium oxide does not lead to the desired thermal stability. 

Such a material is preferably prepared by the sol-gel process. Such a process is 
described, for example, in US 6,217,837 Bl. The process described in 
DE 195 03 522 A 1 using alkoxide mixtures and subsequent hydrolysis with water is 
15 likewise suitable. 

Post-formation impregnation of aluminium oxide with soluble precursor compounds of 
magnesium oxide and calcination to convert the precursor compound into magnesium 
oxide does not lead to homogeneous Mg-Al mixed oxides at customary calcination 
temperatures. If an attempt is made to force the formation of homogeneous Mg-Al 
20 mixed oxides by increasing the calcination temperatures, low-surface-area mixed oxides 
which have little suitability for catalytic applications are obtained. 

The homogeneous Mg-Al mixed oxide, on the other hand, has a specific surface area of 
more than 40 m 2 /g, in particular from 100 to 200 m 2 /g. Particular preference is given to 
25 Mg-Al mixed oxides having a specific surface area of from 130 to 170 m 2 /g. 

According to the invention, the support material for the nitrogen oxide storage 
components and for the oxidation-active components is obtained by doping the 
homogeneous Mg-Al mixed oxide with rare earth oxides. For the purposes of the 
present invention, "doping" means the uniform coating of the specific surface area of 

30 the Mg-Al mixed oxide with a further oxide. This can be achieved, for example, by 
impregnating the Mg-Al mixed oxide with precursor compounds of the desired rare 
earth oxides and drying and calcining the impregnated material. The calcination is 
preferably carried out at a temperature of from 400 to 600°C for a time of from 1 to 
5 hours. Good results have been obtained using a temperature of 500°C and a time of 

35 2 hours. 
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Suitable precursor compounds of the rare earth oxides for doping the Mg-Al mixed 
oxide are, for example, the nitrates and acetates of the rare earth metals. 

To produce the nitrogen oxide storage material, the storage components are applied to 
the support material. This is once again preferably effected by impregnating the support 
5 material with precursor compounds of the storage components. Drying and calcining the 
impregnated support material gives the finished storage material. Drying and calcination 
conditions can be the same as those in the doping of the Mg-Al mixed oxide with the 
rare earth oxides. 

To form a storage catalyst, the storage material is combined with an oxidation-active 
10 component, in particular platinum, with the Mg-Al mixed oxide doped with rare earth 
oxides likewise being used as support material for platinum. The use of the support 
material according to the invention both for the storage components and for the 
oxidation-active components results in a significant improvement in the catalytic 
activity of the nitrogen oxide storage catalyst after ageing compared to the catalyst 
15 described in the first publication EP 1 317953 A1 in which only platinum was 
supported on an Mg/Al mixed oxide doped with cerium oxide. 

The homogeneous magnesium-aluminium mixed oxide which is doped with rare earth 
oxides and serves as support material for platinum preferably contains from 1 to 30% by 
weight, particularly preferably from 5 to < 28% by weight and in particular from 10 to 
20 25% by weight, of magnesium oxide, based on the total weight of the magnesium- 
aluminium mixed oxide. The amount of rare earth oxides present as dopants is 
preferably from 5 to 1 5% by weight, based on the total weight of the support material 

A distinction may be made between two major embodiments of the storage catalyst. In 
the first embodiment, platinum and the storage component are deposited on different 

25 portions of the support material, i.e. to different portions of the Mg/Al mixed oxide 
doped with rare earth oxides. In the second embodiment, platinum is applied together 
with the storage component to the support material. In this second case, it has been 
found to be necessary to add an additional oxygen-storing component based on cerium 
oxide, in particular a cerium-zirconium mixed oxide (Ce-Zr mixed oxide), to the storage 

30 catalyst. 

To improve the regeneration behaviour of the storage catalyst, palladium can be 
additionally applied to the oxidation-active component consisting of platinum. To 
achieve very complete conversion of the nitrogen oxides desorbed during regeneration 
of the storage catalyst, it is advantageous to add a further support material onto which 
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rhodium has been deposited to the catalyst. A suitable support material for rhodium is 
an active, optionally stabilized aluminium oxide. Preference is given to using an 
aluminium oxide stabilized with from 1 to 1 0% by weight of lanthanum oxide for these 
purposes. 

The catalyst of the invention is particularly suitable for the purification of exhaust gases 
from lean-burn engines, i.e. from petrol engines operated under lean conditions and 
from diesel engines. 

The invention is illustrated by the following examples and figures. The figures show: 



1 0 Figure 1 : Determination of the NO x storage efficiency 

Figure 2: NO x storage efficiency for various catalyst formulations in the fresh state 

Figure 3: NO x storage efficiency for various catalyst formulations after furnace 

ageing 

Figure 4: NO x storage efficiency for barium oxide on various support materials 

15 Figure 5: NO x storage efficiency for various catalyst formulations after furnace 

ageing 



Determination of the N(X storage efficiency 

In the following examples and comparative examples, complete catalysts are produced 
20 and their storage efficiency for nitrogen oxides is determined as a function of the 
exhaust gas temperature. The storage efficiency of a catalyst is the most important 
parameter for assessing its performance. It describes the efficiency in respect of the 
removal of nitrogen oxides from the exhaust gas from lean-burn engines. 

The NO x storage efficiency of the catalysts was determined on a model gas unit. For 
25 this purpose, the storage catalysts were subjected to a rich/lean cycle, i.e. lean-burn 
exhaust gas and rich-burn exhaust gas were passed alternately through the catalysts at a 
defined temperature. Lean-burn exhaust gas compositions were obtained by introducing 
oxygen while simultaneously interrupting the introduction of carbon monoxide and 
hydrogen. Rich-burn exhaust gas compositions were produced by the reverse procedure. 
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During the lean phase, the nitrogen oxides were stored by the respective catalyst. 
During the rich phases, the nitrogen oxides were desorbed again and reacted over the 
catalyst with the reductive components carbon monoxide, hydrogen and hydrocarbons 
of the model exhaust gas to form nitrogen, carbon dioxide and water. 

5 Figure 1 shows these circumstances in an idealized manner. During the measurements, 
the exhaust gas had a constant concentration of 500 vppm (ppm by volume) of nitrogen 
monoxide (NO). The nitrogen oxide concentration entering the storage catalyst (NO x in) 
is therefore indicated by the broken line in Figure 1 . The nitrogen oxide concentration 
downstream of the storage catalyst (NO x out) is initially zero, since in the ideal case the 

10 fresh storage catalyst binds all nitrogen oxides present in the exhaust gas. As time goes 
on, the storage catalyst becomes laden with nitrogen oxides and its storage capacity 
decreases. As a result, decreasing amounts of nitrogen oxides are bound on the storage 
catalyst, so that a rising nitrogen oxide concentration becomes measurable downstream 
of the catalyst; after the storage catalyst has become completely saturated with nitrogen 

15 oxides, this increased nitrogen oxide concentration will approximate the inlet 
concentration. The regeneration of the storage catalyst therefore has to be commenced 
after a particular time (in Figure 1, after 80 seconds). This is achieved by making the 
exhaust gas rich for a time of about 10 seconds. This results in the stored nitrogen 
oxides being desorbed and, in the ideal case, being completely converted over the 

20 storage catalyst, so that no nitrogen oxides are measurable downstream of the storage 
catalyst during the regeneration time. The test apparatus is then switched back over to 
lean-bum exhaust gas and the storage of nitrogen oxides begins afresh. 

The instantaneous storage efficiency of the storage catalyst is defined as the ratio 



25 As can be seen from Figure 1, this efficiency is time-dependent. To assess the storage 
catalysts, the storage efficiency S integrated over the respective storage phase and 
averaged over eight successive storage cycles was therefore determined: 



The storage efficiency S is thus not a material constant but is dependent on the 
30 parameters of the chosen rich/lean cycle. To assess the storage catalysts produced, the 
following conditions were selected: 



NO x in-NO x out 
NO x in 
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Table 1 : Exhaust gas composition 



vjab component 


Concei 
during the lean phase 


ltration 

during the rich phase 


CO 


0.0% by volume 


4% by volume 




0.0% by volume 


1.3% by volume 




8.0% by volume 


0% by volume 


C^H« 


17 vppm 


C 3 H 6 


33 vppm 


NO 


500 vppm 


co 2 


10.0% by volume 


H 2 0 


10.0% by volume 


N 2 


balance 


Table 2: Process parameters for the rich/lean cycle 


Parameter 


during the lean phase 


during the rich phase 


GHSV 


50 000 h" 1 


T 


600 - 150°C in steps of 80°C 


X 


1.5 


0.88 


Time 


80s 


10 s 



5 The catalyst formulations studied in the following examples consist of various 
components. These components were processed to produce an aqueous coating 
suspension with which cordierite honeycombs having a cell density of 62 cm" 2 (number 
of flow channels in the honeycombs per unit cross-sectional area) were coated by 
dipping. The coated honeycombs were dried and subsequently calcined in air at 500°C 
10 for 2 hours. 

The nitrogen oxide storage efficiency of the coated honeycombs was determined as 
described above in the fresh state and after ageing in a model gas unit. For the purpose 
of ageing, the catalysts were stored in air at a temperature of 850°C for 24 hours. Before 
a measurement, the catalysts were firstly heated to 600°C under the model exhaust gas 
15 conditions. The exhaust gas temperature was then reduced to 150°C in steps of 80°C. 
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The NO x storage efficiency was determined for each temperature step. 

In Figures 2 to 5, the storage efficiencies determined in this way for various storage 
catalysts are plotted as a function of the exhaust gas temperature. Table 3 shows the 
composition of the coatings of the catalysts studied. Column 1 shows the coating 
5 components of which the catalysts are composed. The coating components comprise the 
respective support material and the catalytically active components deposited thereon. 
The concentrations of support material and catalytically active components based on the 
volume of the catalyst bodies are given in columns 2 to 6. 

10 The entries in the first column have the following meanings: 

1 . Mg-Al oxide: homogeneous magnesium-aluminium mixed oxide 

having a weight ratio of the oxidic components 
A1 2 0 3 : MgO = 80 : 20 

■ 

2. Ce0 2 /Mg-Al oxide: magnesium-aluminium mixed oxide doped with Ce0 2 
15 3. Pt/Ce0 2 /Mg-Al oxide: Platinum supported on 2. 

4. Pd[Pt/Ce0 2 /Mg-Al oxide]: Palladium deposited on 3. 

5. Ce-Zr oxide: Cerium-zirconium mixed oxide (90/10) 

6. Rh/Al oxide: Rhodium supported on aluminium oxide 



20 In some examples, the catalytically active components were applied simultaneously by 
impregnation to two support oxides. In these cases, only the total concentration of the 
catalytically active component (for example platinum or barium oxide) on the two 
materials is shown in Table 3. The preparation of the mixed oxide powder Mg-Al oxide 
has been described in detail in EP 1 3 17 953 AL 

25 Example 1 : fCatalvst CI) 

A storage catalyst according to Claim 6 was produced. For this purpose, the Mg-Al 
mixed oxide was firstly doped with cerium oxide by impregnation with cerium nitrate 
and subsequent calcination. In the doped support material, the oxidic components were 
present in the following weight ratios: 

30 A1 2 0 3 : MgO : Ce0 2 = 72 : 18 : 10 

The finished material had a BET surface area of 105 m 2 /g. 102.8 g of this material were 
impregnated with an aqueous solution of hexahydroxoplatinic acid (H 2 Pt(OH) 6 ) 
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dissolved in ethanolamine, dried and calcined in air at 500°C, so that the material 
contained 3 . 1 8 g of platinum. 

To produce the storage material, 126.3 g of the same material were impregnated with 
barium acetate and subsequently calcined (500°C; 2 hours). The finished storage 
5 material contained 25.3 g of barium, calculated as oxide. 

The two powder materials were suspended in water. The suspension was milled to a 
particle size of 3-5 jam (d^) and applied by means of a dipping process to a commercial 
cordierite honeycomb having 62 cells per square centimetre. The honeycomb which had 
been coated in this way was dried at 120°C in a drying oven. The coated honeycomb 
10 was subsequently calcined at 500°C for 2 hours. 

Example 2 ; (Catalyst C2) 

To produce catalyst C2 according to Claim 7, the Mg-Al oxide doped with cerium oxide 
was firstly impregnated with barium acetate, dried and calcined and platinum was 
subsequently applied to it as described in Example 1 . In addition, a cerium-zirconium 
1 5 mixed oxide was added to the catalyst. 

Comparative Example 1 : (Comparative catalyst CC1) 

As comparative catalyst, a catalyst was produced as described in EP 1 317 953 Al. It 
differed from the two catalysts C 1 and C2 according to the invention in that the storage 
component barium oxide was not deposited on the Mg-Al oxide doped with cerium 
20 oxide but on a cerium-zirconium mixed oxide. 

Figures 2 and 3 show the measurements of the storage efficiency as a function of the 
exhaust gas temperature upstream of the catalyst for the catalysts CI, C2 and CC1 in the 
fresh state (Figure 2) and after ageing (Figure 3). 

Catalyst C2 has the broadest working range. CI is somewhat better than the 
25 comparative catalyst at high exhaust gas temperatures. However, at low exhaust gas 
temperatures, this catalyst has disadvantages compared to the comparative catalyst. 
After ageing, catalyst C2 is still better than the comparative catalyst over the entire 
working range. Catalyst CI after ageing displays significantly higher efficiencies at 
high temperatures than the comparative catalyst and even than catalyst C2. 

30 The results demonstrate the positive effect of the nitrogen oxide storage material of the 
invention on the catalytic activity and ageing stability of the storage catalysts. 
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Example 3: Comparative Examples 2 and 3 (Catalysts C3, CC2 and CC3) 

This series of experiments shows that the improvements in the catalytic behaviour 
determined for CI and C2 are closely associated with the doping of the Mg-Al oxide 
with cerium oxide. 

5 Catalyst C3 was produced in a manner similar to catalyst CI . To improve its 
regeneration behaviour, the oxidation-active coating component to which platinum had 
been applied was additionally impregnated with palladium and, in addition, a rhodium- 
doped aluminium oxide was added to the catalyst composition. 

To produce the rhodium-doped aluminium oxide, an aluminium oxide stabilized with 
10 3% by weight of lanthanum (BET surface area: 202m 2 /g) was impregnated with a 
rhodium nitrate solution, dried and calcined in air at 500°C. 

To obtain the comparative catalysts, the support material used for barium oxide in the 
case of the catalyst CI was replaced in the case of comparative catalyst CC2 by a 
physical mixture of the homogeneous Mg-Al mixed oxide and a cerium-zirconium 

1 5 mixed oxide and in the case of comparative catalyst CC3 by a physical mixture of the 
Mg-Al mixed oxide and cerium oxide. Comparative catalyst CC3 had the same 
elemental composition as catalyst C3. The difference between the two catalysts was 
merely in the relative arrangement of the oxidic materials (doping of the Mg-Al mixed 
oxide with cerium oxide in the case of C 1 and physical mixing of the Mg-Al mixed 

20 oxide with cerium oxide in the case of CC3). 

The measurement results on the storage efficiency of these catalysts (cf. Figure 4) show 
that catalyst C3 (Mg-Al mixed oxide doped with cerium oxide as support material for 
barium oxide) displays significantly better catalytic properties than the comparative 
catalysts CC2 and CC3 which use physical mixtures as support material for barium 
25 oxide. 

Examples 3 to 5 and Comparative Example 4 (catalysts C3 to C5 and CC4) 

Comparative catalyst CC4 corresponds in terms of its formulation to catalyst C7a of 
EP 1 317 953 Al. This catalyst was compared with the catalysts C3 and C4 (for 
composition, see Table 3) which correspond in terms of their in-principle composition 
30 to the two embodiments according to Claims 4 and 5. In addition, a catalyst (C5) which 
corresponded to C3 but whose nitrogen oxide storage capacity at low temperatures was 
increased by means of an additional amount of Ce-Zr oxide was produced. 
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The results of the measurement of the storage efficiency of these catalysts after ageing 
are shown in Figure 5. The comparative catalyst after ageing displays significantly 
poorer efficiencies than the catalysts according to the invention over the entire working 
range. 



5 Table 3 : Composition of the catalysts 



Coating components 


Support 


Catalytically active components 




material 














Platinum 


Palladium 


Rh 


BaO 




[g/1] 


[g/i] 


[g/i] 


m 


[g/1] 1 



Catalyst CI 



Pt/Ce0 2 /Mg-Al oxide 


102.8 


3.18 








BaO/Ce0 2 /Mg-Al oxide 


126.3 








25.3 1 


Catalyst C2 | 


Pt/BaO/Ce0 2 /Mg-Al oxide 


102.8 


3.18 






25.3 | 


Ce-Zr oxide 


126.3 










Comparative catalyst CC1 | 


Pt/Ce0 2 /Mg-Al oxide 


102.8 


3.18 








BaO/Ce-Zr oxide 


126.3 








25.3 1 



Catalyst C3 



PdCPt/CeCVMg-Al oxide] 


102.8 


3.18 


1.06 






BaO/Ce0 2 /Mg-Al oxide 


126.3 








25.3 | 


Rh/Al oxide 


10.0 






0.35 




Comparative catalyst CC2 | 


Pd[Pt/Ce0 2 /Mg-Al oxide] 


102.8 


< 

3.18 


1.06 






BaO/(Mg-Al oxide+Ce-Zr oxide) 










25.3 | 


Rh/Al oxide 


10.0 






0.35 




Comparative catalyst CC3 J 


Pd[Pt/BaO/Ce0 2 /Mg-Al oxide] 


102.8 


3.18 


1.06 






BaO/(Mg-Al oxide + Ce0 2 ) 










25.3 | 


Rh/Al oxide 


10.0 






0.35 
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Coating components 


Support 
material 

[g/1] 


Catal; 

Platinum 
[g/1] 


ytically acth 

Palladium 
[g/1] 


re compon< 

Rh 
[g/1] 


snts 

BaO 
[g/1] 


Catalyst C4 


Pd[Pt/BaO/Ce0 2 /Mg-Al oxide] 


102.8 


3.18 


1.06 




25.3 


Ce-Zr oxide 


126.3 










Rh/Al oxide 


10.0 






0.35 




Catalyst C5 


Pd[Pt/Ce0 2 /Mg-Al oxide] 


102.8 


3.18 


1.06 






BaO/Ce0 2 /Mg-Al oxide 


126.3 








25.3 


Ce-Zr oxide 


126.3 










Rh/Al oxide 


10.0 






0.35 




Comparative catalyst CC4 


Pt/Ce0 2 /Mg-Al oxide 


102.8 


3.18 


1.06 






BaO/Ce-Zr oxide 


126.3 








25.3 


Rh/Al oxide 


10.0 






0.35 





